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Abstract

Aim: We aim to evaluate osteopathy in patients with thalassemia major (TM) by performing bone mineral den-
sitometry (BMD) and biochemical indices and to emphasize preventive measures and the importance of early
diagnosis of osteoporosis.

Material and Methods: 37 TM patients (18 female, 19 male) were included in the study. The age, gender, biochem-
ical parameters were recorded. BMD was determined using dual energy X-ray absorptiometry from lumbar
vertebrae. Z scores were calculated automatically by the device. According to Z scores; <-1was normal, -1-2 was
osteopenia, >-2 was considered as 0steoporosis.

Results: 9 patients' Z scores (24.3%) were normal, 5 patients were osteopenic (13.5%), and 23 patients were oste-
oporotic (62.2%). In the osteoporotic group, parathyroid hormone (PTH) was low in 2 patients (54%) and vitamin
D was deficient in 12 (324%) patients. Lumbar BMD was positively correlated with age (r=0.625, P=0.000), height
(r=0759, P =0.000), weight (r=0.830, P=0.000), and BMI (r=0.730, P=0.000), and was negatively correlated with
ALP (r=-0422, P=0.010). In the osteopenic group, vitamin D was deficient in 2 patients (54%); all other biochemical
parameters were within normal limits. Lumbar BMD was positively correlated with age (r=0.625, P=0.000), height
(r=0.759, P=0.000), weight (r=0.830, P=0.000), and body mass index (BMI) (r=0.730, P= 0.000), and was negatively
correlated with alkaline phosphatase (ALP) (r=-0422, P= 0.010).

Discussion: Despite regular transfusions, osteapathy may occur at high rates in patients with thalassemia.
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Introduction

Beta thalassemias are a group of autosomal inherited disorders char-
acterized by globin chain mutations in the hemoglobin tetramer and
are due to defective hemoglobin synthesis; severe anemia, bone mar-
row expansion, skeletal deformity, and increased gastrointestinal iron
absorption can be seen. Thalassemia major (TM) is the severe form
of the disease and clinical symptoms appear between 6 months and
2 years. In this form, the patient requires regular blood transfusion
and iron-chelating therapy throughout life, beginning in early childhood
[1-3]. Recently, therapeutic approaches have increased the life expec-
tancy and quality in thalassemia patients. However, osteoporosis has
become the most important cause of morbidity of the disease and of
skeletal findings that can lead to pathological fractures. The etiopatho-
genesis of TM-induced osteoporosis is known to be multifactorial. Ge-
netic and acquired factors both play roles in the demineralization of
bone in thalassemia. Bone marrow expansion secondary to ineffective
erythropiesis with cortical thinning, hypogonadaotropic hypogonadism,
hypothyroidism, hypoparathyroidism, diabetes mellitus, direct toxic
effects of iron overload on osteoblast numbers and activity, deleteri-
ous effects of desferrioxamine on the bone metabolism, the negative
impact of chelation therapy on fibroblast proliferation and collagen
synthesis, calcium and zinc deficiencies, low vitamin D levels due to
aberrant vitamin D-parathyroid hormone axis, and reduced physical
activity are responsible acquired factors [4-9]. Osteoporosis is more
common in women than in the general population, but men are more
commonly and more severely affected by thalassemia. It is presumed
that this is due to lower compliance of male adolescents to desferri-
oxamine therapy [1].

The most reliable and most commonly used method for measuring
BMD is Dual Energy X-ray Absorptiometry (DEXA) which assesses bone
mass at the lumbar spine and proximal femur [8]. True bone density is
volumetric BMD which can only be assessed by quantitative computed
tomography, but this technique involves high radiation exposure [10].
In this study TM patients followed regularly in our hospital were evalu-
ated. Bone mineral density (BMD) and the parameters that may affect
BMD and their relationship to each other were assessed. Early diagno-
sis and preventive measures were implemented in cases where oste-
oporasis might develap.

Material and Methods

The study included a total of 37 patients in the 5-33 year range followed
in internal medicine and pediatrics clinics, whose diagnoses were con-
firmed with (hemoglobin) Hb electrophoresis and who were in need
of transfusion at least once a month. Ethics committee approval was
granted by our hospital. Signed consents were obtained from all pa-
tients and/or parents participating in the study. Patients not receiving
regular treatment or who use osteoporosis preventive medicine (cal-
cium and vitamin D) or therapeutic (bisphosphonates, etc.) agents, and
those having chelation therapy, a history of a drug use that can affect
bone metabolism, and those with any type of skeletal dysplasia were
excluded.

Age, sex, and drugs chelator agents were noted. Height and weight
were measured. Body mass index (BMI) was calculated. Before the
transfusion, Hb, ferritin, fasting blood glucose (FBG), alanine amino-
transferase (ALT), aspartate aminotransferase (AST), Ca, phosphorus
(P), alkaline phosphatase (ALP), thyroid stimulating hormone (TSH), free
thyroxine (FT4), and intact parathyroid hormone (iPTH) and vitamin D
levels were measured. Bone mineral densities of the patients included
in the study were evaluated by a radiologist by the DEXA method. Bone
mineral density of the lumbar spine (L1-L4) was measured in g/cm2. Z
scores were calculated automatically by the device. Z score <-1 was
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normal, -1-2 was osteopenia and > -2 was considered as osteoporosis.
The statistical analyses were carried out by Statistical Package for the
Social Sciences (SPSS). Variables were expressed as meanSD. Com-
parisons of variables were performed using unpaired Student t test.
Bivariate associations of the variables were assessed using Pearson's
correlation coefficients and p value <0.05 was considered statistically
significant.

Results

The total of 37 TM patients included 18 females and 19 males. The av-
erage age was 1548+6.96 (5-33) years, height 145¢19.91 cm, and weight
43 .62+1717 kg. Mean BMI was 19.67+3.26 kg/m2.

Patients were grouped according to the lumbar region Z score; >-1 as
normal, -1 -2 osteopenic, and <-2 as osteoporotic. Accordingly, lumbar
region Z scores were: normal - 9 patients (5 females and 4 males)
(24.3%), osteopenic - 5 patients (2 female, 3 male) (13.5%), and oste-
oporotic - 23 patients (11 females and 12 males) (62.2%). The average
data of all three groups are summarized in Table 1. In the osteoporotic
group, the following parameters were higher than normal: ALP in 6 pa-
tients (16.2%), AST in 5 patients (13.5%), ALT in 8 patients (21.6%), TSH in 2
patients (54%), fT4 in 6 patients (16.2%), and fasting blood glucose in 4
patients (10.8%); ferritin was high in all. Ca and P were normal in all. PTH
was low in 2 patients (54%), vitamin D was severely deficient in 3 (<10
ng/mL) (81%) and deficient in 9 (<20 ng/mL) (24.3%).

In the osteopenic group, FBG, Ca, P PTH, ALT, AST, TSH, and FT4 levels
were all within normal limits. One patient had high ALP value (2.7%).
Vitamin D was severely deficient in 1 patient (11 ng/mL) (2.7%) and de-
ficient in 1 (18 ng/mL) (2.7%). Lumbar BMD in the osteopenic group was
positively correlated with age (r= 0.951, P= 0.013), weight (r = 0.916, P=
0.029), and BMI (r = 0.932, P= 0.021) and was negatively correlated with
serum ferritin levels (r= -0906, P= 0.034).

Of those patients with Z scores within normal levels, 2 had severely low
vitamin D levels (54%) and 2 patients had low levels (54%). Ca, P ALT, AST,
TSH, PTH, and ALP values were within normal limits and fT4 was high in
2 patients (54%).

In T™M patients, Lumbar BMD was positively correlated with age (r =
0.625, P= 0.000), height (r= 0.759, P= 0.000), weight (r= 0.830, P= 0.000),
and BMI (r= 0.730, P= 0.000) and negatively correlated with ALP (r =
-0422, P=0.010) [Table 2].

Discussion

Osteoporosis is the most common disorder of the skeletal system and
represents an important cause of morbidity in adult patients [2,10-12].
It is characterized by reduced bone mass, disruption of bone architec-
ture, and increased risk of bone fragility and fractures [4,1113].

Bone loss is a common feature even in well-treated thalassemia
patients and despite adequate transfusion and iron chelation. In
well-treated TM patients, the frequency of osteoporosis is approxi-
mately 40-50% and osteopenia, 45% [3,12,9]. In a study of Chinese T™M
children, BMD deficit was detected in 62% at the spine and in 35% at
the hip [8]. Peak bone mass is also adversely affected:; as a result, low
bone mass can be seen in patients with TM, even those younger than
age 12 [1].

To avoid possible complications (bone fractures and deterioration in
the quality of life of these patients), bone densitometry screening
should be done; it is important to start early, appropriate treatment.
Late diagnosis and delayed treatment of osteoporosis in thalassemia
patients can cause pain, fractures, and spinal deformities. This morbid-
ity is multifactorial. Early screening, prevention, and treatment are so
important. Therefore, annual BMD is advisable [9].

Genetic and many acquired factors have been implicated in the patho-
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Table 1. Demographic features and laboratory findings of thalassemic patients

All patients N: 37

Zscore >-2 N: 23

Eurasian Clinical and Analytical Medicine

Zscore-1--2N:5 Z score normal N: 9

Age (year) 1548+6.96 1778+6.92 11.60+4.50 10.50+4.98
Height (cm) 145.00+19.91 148.73+15.66 145.60+2148 13012+24.02
Weight (kg) 43.621717 45.86+14.79 44,00+19.58 3312+18.31
BMI (kg/m?) 19.673.26 19.94+314 19.58+4.69 1840247
glucose (mg/dL) 104.37+8.72 91.60£9.73 89.80+4.86 89.75+1M
Hb (g/dL) 8.80£0.91 8.99:1.00 870055 8.22+0.60
ferritin (g/dL) 2840.18+1680.6 305717+192018 255640+1159.59 239150131449
ALT (U/L) 419743913 4947+46.90 18.20+6.37 353711729
AST (U/L) 3761£22.75 42.78+26.62 20.20+6.30 34.50£9.53
ALP (U/L) 234.27£176.60 20745+153.65 251.00+156.94 314.37+242.24
Ca (mg/dL) 9.60£042 9.57+048 9.690.34 9.63+0.33
P (mg/dL) 456053 447052 463+059 486+0.50
TSH (mIU/L) 3.20+1.65 3.02+178 2.93+140 3554127
Ft4 (ng/dL) £413+5.86 3.57£518 5.26+6.54 541792
PTH (pg/mL) 347541721 33.70+16.59 28.00£5.00 £1.0025.30
Vit D (ng/mL) 16.72+817 17.80+5.68 17.00+5.56 1440+11.39
BMD (g/cm2) 0.68+015 0.67£0.12 0.65+016 0.69+015
Zscore -176+149 -2.600.59 -158+019 -0170.54

BMI; body mass index, Hb; hemoglobin, ALT: alanine transaminase, AST; aspartate transaminase, Ca; calcium, P; phosphorus, TSH; thyroid stimulating hormone, Ft4; free thyroxine, PTH; parathyroid hormone, Vit D; vitamin

D, BMD; bone mineral densitometry

Table 2. Pearson's correlations between bone mineral densitometry and other laboratory parameters in thalassemic children

Glucose

Ca VitD  Zscore

Age Height ~ Weight BMI Hb Ferritin

BMD 1

Age 625 1

Height 7597 758 1

Weight 830" 79 939 1

BMI 730 Nyl 665 855" 1

Hb m 140 173 128 105 1

Ferritin -.285 -249 -.251 -229 -121 109 1
é Glucose n9 198 128 209 298 .019 214
é Ca 210 228 190 255 230 282 -.007
% P -145 -155 -299 =22 .010 -116 249
§ ALP -422 -453" -.354" -4 -375" -192 122

PTH -.095 -209 -300 - 214 -135 030 258

AT - 244 -.058 -.094 -1 -058  -.008 567

AST -295 -.058 -124 =174 -141 -106 448™

TSH on - -149 -031 097 -.001 2n

FT4 040 -142 -.033 -.059 -.083 n2 04

Vit D -251 .051 -.097 -8 -152 -126 -017

Zscore 351 343 -143 -.063 -046  -188 -013

**Correlation is significant at the .01 level (2-tailed). * Correlation is significant at the .05 level (2-tailed)

16

.069

6

-105
-176
-.049
-.046
b

-123

-112

1

-.025 1
331 n3 1

216 .009 291 1

o4 201 107 044 1

.040 182 161 165 933 1
-.038 466 235 161 145 142 1

131 373 -.096 -.052 223 268 188 1

.051 -013 =174 -115 .081 120 -238 -0 1

022 041 100 174 153 188 283 on -180 1

BMD: bone mineral densitometry, BMI: body mass index, Hb: haemoglobin, Ca: calcium, P: phosphor, ALP: Alkaline Phosphatase, ALT: alanine aminotrensferaz, AST: aspartate aminotransferase, TSH: thyroid stimulating

hormone, FT4: free thyroxine, PTH: parathyroid hormone

genesis of osteoporosis in patients with thalassemia. Collagen type LA1
(COLIAT) polymorphism in the Sp1 gene is associated with severe oste-
oporosis. Also, vitamin D receptor (VDR) Bsml and Fokl polymarphism
have been shown to be effective in bone mineralization and low bone
density [9]. Acquired factors that cause osteoporosis in thalassemia
include: cortical and trabecular thinning of the bones as a result of
bone marrow expansion because of increased ineffective erythropoi-
esis, calcium and phosphorus metabolism disorders, low PTH levels,
low 1.25- [OH) 2 vitamin D3 level, hypogonadotropic hypogonadism, GH

2

/ |GF-1 deficiency, delayed puberty, hypothyroidism, diabetes mellitus,
increased osteoclast function and decreased osteablast function, de-
veloping iron overload secondary to blood transfusion, the toxic effects
of desferrioxamine chelation therapy, male gender, and sedentary life-
style. [9,10,14,15].

Of the 37 thalassemic patients enrolled in the study, 5 (13.5%) were 0s-
teopenic and 23 (621%) had osteoporosis. A total of 28 patients (75.6%)
were osteopathic. Consistent with the literature, men were more likely
(M/F=17/11) to be osteopathic. In studies of thalassemic male patients
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itis suggested that the presence of COLLIER Il genes carried on the Sp1
polymorphism causes severe osteoporosis [16]. However, in the litera-
ture there are studies demonstrating that gender does not affect the
development of osteopathy [117].

In the study of Kyriakou et al. of 76 thalassemia patients, vertebral 0s-
teoporosis was present in 89.5% and femoral neck osteoporosis was
present in 84.2%. The incidence was higher in men than women [18].
Cizmeci et al. reported osteopathy as present in 66% [17].

In TM patients, due to the pathogenesis and secondary to treatment
modalities, osteoporasis incidence increases with age. A negative cor-
relation between age and the BMD Z scores [19] and increased inci-
dence of osteoporosis with age has been reported in different studies
[20,21]. In our study there was also negative correlation between age
and BMD Z scores (r=-0.343, P= 0.38).

Body weight is one of the important determinants of bone mass. Put-
ting strain on the mechanical skeleton leads to an increase in bone
density. A positive correlation between BMI and BMD has been reported
in the literature [20,22]. In the current study there was a significant
positive correlation between lumbar BMD and BMI (r= 0.730, P= 0.000).
Our results are consistent with the literature.

All our pre-transfusion Hb values were lower, as expected. There was
no significant correlation between lumbar BMD and Hb values. The rea-
son for this may be that our patients receive regular treatment and
adequate transfusion. Similar to our results, there are studies available
that report no relationship between BMD and mean pre-transfusion Hb
levels [19,23].

Excess iron accumulation in the bones can cause disruption of the
number and activation of osteoid and bone mineralizations that can
lead to osteoparasis. In our study, serum ferritin levels were high in all
cases and we could not show such a relationship between ferritin and
BMD in TM patients.

In TM patients, progressive iron overload in the body as well as in the
liver causes tissue damage and deterioration of the functions correlat-
ed with age [24]. Impairment of hepatic vitamin D metabolism contrib-
utes to osteoporosis. Although definitive diagnosis of liver tissue dam-
age requires biopsy, elevated liver enzymes may also provide guidance
for suspected tissue damage [20,24]. In one study, liver enzymes were
found significantly higher than in the control group and negative cor-
relation was reported between AST and femoral BMD [20]. In our study,
AST was high in 5 patients (13.5%) in the osteoporosis group and ALT was
high in 8 patients (21.6%). There was no correlation between BMD, ALT,
and AST in TM patients.

Endocrine disorders in patients with thalassemia, impaired vitamin D
metabolism due to liver damage, degradation of Ca and P absorption
from the intestine connected to iron chelation drugs [20,25] are factors
that cause imbalances in the Ca-P-ALP metabolism, which may result
in a decreased BMD [20]. In our study, ALP levels were high in 4 patients
in the osteoporotic group and in 1 patient in the osteopenic group. Z
scores were normal with values of ALP Ca and P levels normal in all
patients. In the literature, there are different results of serum Ca, P
and ALP levels in patients with TM. Again, similar to our results, there
are studies reporting that patients’ serum Ca levels are normal [26,27].
But some other studies report that hypocalcemia can be seen in TM
patients [6,19].

There are studies showing that serum P levels are normal as we found
in our study [26,27] but some studies indicate that serum P levels are
high [28,29]. Mahachoklertwatt et al. reported that serum ALP levels
of child-adolescent patients with thalassemia were normal [6] and
Piringgioglu et al. reported unusually low ALP levels [20]. In our study
group, high ALP values were found in 6 patients in the osteoporotic
group and in 1 patient in the osteopenic group. In correlation analysis
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there was no relationship between BMD and Ca, P levels but a nega-
tive correlation between ALP levels and BMD was found. Cizmeci et al.
could not find correlation between BMD and Ca, P ALP levels [17]. In the
study of Bakan et al., Ca and ALP values were normal in all patients and
P levels were high in 38%; they could not find a correlation between
these values and BMD [30]. ALP value increases in bone turnover and
has been reported to be regarded as a marker of bone formation [31].
Endocrine complications including thyroid gland and the hypothala-
mus-pituitary-thyroid axis disorders may arise during clinical follow-up
of thalassemia major patients. Hypothyroidism was found in 2 patients
in the osteoporatic group in this study. Hypothyroidism in patients with
thalassemia is seen in 6-31% of patients. Iron accumulation in the thy-
roid gland causes thyroid dysfunction and this is one of the main caus-
es of hypothyroidism in these patients [32].

In the osteoporotic group, 2 (54%) had low iPTH values. There was no
significant relationship between iPTH value and lumbar BMD (P= 0173).
In some studies PTH levels were found to be high and were negative-
ly correlated with BMD [20,30]. Mahachoklertwattana et al. [6] found
iPTH levels were higher than in healthy controls. Aslan et al. found high
serum PTH levels in TM patients but reported no relationship between
PTH and BMD [33].

Diabetes is the most common endocrine complication in thalassemia.
The frequency of diabetes is reported to be between 2.3% and 24% [34].
Iron deposits in the pancreatic interstitial cells lead to storing more
collagen and to microcirculation disorders. Impaired tissue oxygen-
ation causes insulin deficiency over time [35]. The onset of impaired
glucose tolerance begins to appear in the twenties. [36]. 4 of the os-
teoporotic patients had slightly high FBG levels, but none of these had
diabetic symptoms. We found no association between FBG levels and
lumbar BMD.

25-0H vitamin D levels indicate the level of storage reserves in the liver
and reflect the level of vitamin D in the body. In the study of Samsihraz
et al, low vitamin D levels were not associated with low BMD. In our
study, 3 of the osteoporotic patients were seriously insufficient, while
9 patients had insufficient vitamin D levels. In the osteopenic group 1
patient was seriously insufficient and again 1 patient had insufficient
vitamin D levels. No correlation was found between BMD and vitamin
D levels.

In conclusion, osteopathy in patients with thalassemia occurs at high
rates. Close monitoring of bone mineral density and the metabolic
profiles of patients during routine follow-up of TM patients and early
treatment will reduce complications.
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